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M87's Multi-Wavelength Behavior during the

2018 EHT Campaign
including a Very High Energy Gamma-Ray Flaring Episode

Alexander Hahn MWL view of M&7 TeVPA2024
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* Resolved structures from radio to X-rays

* Straight, highly collimated jet /Knom . KnotA
. R . - . /
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EHT-MWL
2018 Observations
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* Dense coordinated MWL campaign in 2018

Date in 2018

Mar-26 Apr-02 Apr-09 Apr-16 Apr-23 Apr-30 May-07 May-14  May-21 May-28

T

PRELIMINARY

58250

58210 58220 58230 58240 58260

MJD

58270
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EHT (230 GHz)

VERA (22 GHz)
EAVN/KaVA (22/43 GHz)
VLBA (24/43 GHz)
GMVA+ALMA (86 GHz)
KVN (22/43/86/129 GHz)
ALMA (93/221 GHz)
SMA (200-345 GHz)
Kanata (optical)
AstroSat (UV & X-ray)
Swift (UV & X-ray)
Chandra (X-ray)
NuSTAR (X-ray)
Fermi-LAT (GeV)
H.E.S.S. (TeV)

MAGIC (TeV)

VERITAS (TeV)




EHT-MWL
2018 images
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* EHT: persistent size and shape of the black hole shadow,
change of position angle of brightness asymmetry
(EHT coll. et al. 2024)

* MB87 jet imaged from ~ 1kpc down to few rs

MS7* 2017 April 11 [l MS7* 2018 April 21

Brightness Temperature (10 K)
EHT coll. et al 2024

EHT 1.3 mm
50 pas

0.004 pc ’

GMVA+ALMA+GLT 3,5 mm

VLBA 7 mm
5 mas
0.4 pc

EAVN 13 mm
10 mas
0.81 pc

ALMA 1.3 mm
5 arcsec
405 pc

CHANDRA X-rays

5 arcsec
. -

405 pc

Alexander Hahn MWL view of M87


https://doi.org/10.1051/0004-6361/202347932

EHT-MWL
2018 radio

Aplbysit

MAX-PLANCK-IFI‘lIJSTITUT

* cm and mm radio emission was comparable or even lower than 2017

* EHT change of position angle of brightness asymmetry
Similarly: Observed change in jet position angle by VLBA
Indicating year-scale structural evolution traverse to jet (Cui et al. 2023)

Observation date (YYYY/MM/DD)
2016/12/28  2017/05/27  2017/10/24  2018/03/23  2018/08/20  2019/01/17

—

Peak Flux (Jy/beam)

VLBA 43 GHz
KV Hz
EAVN 43 GHz KVN 129 GHz

Relative Dec (mas)

-2
Relative RA (mas)
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https://doi.org/10.1038/s41586-023-06479-6

EHT-MWL

2018 VHE gamma rays

UR PHYSIK

* During the 2018 MWL campaign H.E.S.S., MAGIC and VERITAS detected a
short VHE (>100 GeV) gamma-ray flare

* First observed flare since 2010
* Hint for spectral hardening during flux increase
-+ VERITAS
-+  H.E.S.S.
-+ MAGIC
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e EHT-MWL

2018 X-rays and HE gamma rays
* X-ray (Chandra + NuSTAR) e HE gamma ray ( Fermi-LAT > 100 MeV)
- Flux increase by factor 2 w.r.t. to 2017 - Flux increase by factor ~8 w.r.t. to average flux
- HST1 subdominant during VHE flare

- Core and outer jet similar emission

- Not strictly simultaneous
= Connection to VHE flare unclear

— Averaged flux 12 years
=-==- VHE flare
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MAGIC

e + ¢ + ) + 3&““* + * *

* Short time scales: from observed variability time scale
Rune, flare ~ 2 Rent, for Doppler factor = 1

107 cm=2s7t
for E>350 GeV

Fermi-LAT (0.1-1000 GeV)
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EHT-MWL
2017—2019 light curves
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+ HESS. 4 MAGIC 4 VERITAS

"

4 Fermi-LAT 0.1-1000 GeV

4 Chandra HST-1 2.0-10 keV Chandra Core 2.0-10 keV -4 Chandra Core 2.0-10 keV Imazawa et al. 2021

* Short time scales: from observed variability time scale
Rune, flare ~ 2 Rent, for Doppler factor = 1

RHE 8}’85(3?;}/3)

1078 cm=2s7}

* Mid time scales
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EHT-MWL
2000—2022 light curves
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EHT-MWL
2018 MWL SED

* 2017 MWL SED in grey

* Chandra + NuSTAR BPL derived with

stacked analysis of 14 NuSTAR
observations

(Sheridan et al., in prep)
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EHT-MWL
2018 SED Models
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* Two component models (c.f. 2017 MWL models)

- , ho differences between
2017 and 2018

SYN - EHT oriented
—+= SSC - EHT oriented
e Sum - EHT oriented

SYN - HE oriented
—+= SSC - HE oriented

e Sum - HE oriented
=— EHT-+HE

* Model A: p; > p>

* Hard electron spectrum approximates effect of ~11.0 *‘ T
inefficient cooling in Klein-Nishina regime .
E s Tﬁq
Model INGE NG ) T ,
o I 1.82 5
Rlr,]"2 50 10.0 @ —120
n. [em™3]? 20x10°  1.7x 10! >
B [G] 5.3 2.3x 1072 kS
Vimin 1 5 % 103 —-12.5
Yor - 7 % 10°
Vinax/10° 1.0 50
D1 3.0 3.0
P2 = 2.0
U./Ug* 2.9 6.7 x 10°
L. lergs™'] | 20x10¥ 2.1 x 10%
Loy lergs™] | 7.0x 10*" 3.2 x 10
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EHT-MWL
2018 SED Models
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* Two component models (c.f. 2017 MWL models)

- , ho differences between
2017 and 2018

* Model A: p; > p>

SYN - EHT oriented
—+= SSC - EHT oriented
e Sum - EHT oriented

* Hard electron spectrum approximates effect of ~11.0
inefficient cooling in Klein-Nishina regime .
« Broken power-law to explain observed hardening [ER=t®
at VHE ;D
Model A (EHT/BPL) A (HE/BPL) @ -120
) 1 1.82 Z
R[rg]!? 5.0 10.0 g
n, [em™]3 1.8 x 106 6.6 x 10! 125
B’ [G] 4.6 8.0x 1072
Ymin 1 1.2 x 103
Yor = T X 106
Ymax /108 0.19 45
P1 2.9 3.0
P2 - 2.0
U./Ug * 3.6 5.2 x 10?
L, [ergs7'] 1.9 x 10*? 2.0 x 10%
Loy lergs™'T | 5.2x10% 3.8 x 10%

SYN - HE oriented
—+= SSC - HE oriented

m—— Sum - HE oriented
=— EHT-+HE
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* Two component models (c.f. 2017 MWL models)

- , ho differences between

20 1 7 a nd 20 1 8 SYN - EHT oriented SYN - HE oriented m—— Sum - HE oriented
—+= SSC - EHT oriented == SSC - HE oriented — EHT+HE
e Sum - EHT oriented

* Model A: p; > p>

* Hard electron spectrum approximates effect of
inefficient cooling in Klein-Nishina regime

?)

* Broken power-law to explain observed hardening
at VHE

* Physical origin is not obvious
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EHT-MWL
2018 SED Models

* Model B: p; < p>

Klein-Nishina effect = decrease of VHE

Fast moving blob as an additional component
to account for VHE hardening

=== EHT oriented
SYN - EHT
-= SSC- EHT

=== HE or.

Very weak B in VHE-flare zone ~11.0
Very matter dominated 3
B 115
Model B (EHT) B (HE) B (VHE-flare) i}
) I 1.82 2.55 & 120
R[rg]'? 5.0 10.0 20.0 =
n,[em™313 | 40x10°  1.6x10° 1.5 % 10" < .
B’ [G] 10 25x107%2  40x1073 o
Ymmin 1 30 103
Yor 4 x 102 3% 10° _
Yomax/10° 10 100 60
P 2.8 2.1 2.5
P2 4.5 3.15 -
U./Ug * 0.18 7.6 x 10° 5.8 x 10*
L.[ergs™'] | 1.6x 10 25x10%2  3.7x10%
Lyoy [ergs™1 [ 9.0x 102 3.4x10%® 6.4 x 10%

= VHE-flare or.

SYN - VHE-flare

== SSC - VHE-flare

=== EHT+HE
—— EHT+HE+VHE-flare
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* Results:
- Detected first M87 VHE gamma-ray flare since 2010
- Hint for spectral hardening at VHE gamma-rays
- Likely longer-term core flux enhancement in X-rays

- Radio cm and mm core fluxes compatible with 2017

But clear change of jet-position angle, similar to change of micro-arcsec scale position angle of ring
brightness asymmetry

- Detection of flare allowed to constrain size of VHE emission region
But location is still uncertain

- Demonstrated the importance of continued MWL monitoring in parallel to precision imaging

* Qutlook:

- Gamma-ray flare is challenging simpler modelling approaches
More detailed, structured jet models necessary

- All data will be public
- Preprint: 10.48550/arXiv.2404.17623

Alexander Hahn MWL view of M87
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http://arxiv.org/abs/2404.17623
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MWL view of M87
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